The main purpose of regenerative biology is to improve human health by exploiting cellular and molecular mechanisms favoring tissue repair. In recent years, non-mammalian vertebrates have emerged as powerful model organisms to tackle the problem of tissue regeneration. Here, we analyze the process of bone repair in metamorphosing Xenopus tropicalis tadpoles subjected to traumatic skull injury. Five days after skull perforation, a dense and highly vascularized mesenchymal is apparent over the injury site. Using an in vivo bone staining procedure based on independent pulses of Alizarin red and Calcein green, we show that the deposition of new bone matrix completely closes the wound in 15 days. The absence of cartilage implies that bone repair follows an intramembranous ossification route. Collagen second harmonic imaging reveals that while a well-organized lamellar type of bone is deposited during development, a woven type of bone is produced during the early-phase of the regeneration process. Osteoblasts lying against the regenerating bone robustly express fibrillar collagen 1a1, SPARC and Dlx5. These analyses establish Xenopus tropicalis as a new model system to improve traumatic skull injury recovery.
Introduction
Developmental and regenerative skeletogenesis can follow two distinct developmental routes, known as intramembranous or endochondral ossification (Hartmann, 2009) . The bone of the skull, or calvaria, develops through intramembranous ossification (Long, 2011) . During this process, osteogenic mesenchymal cells directly differentiate into osteoblasts, the cells in charge of depositing the bone matrix and of creating the adequate biochemical conditions for its mineralization (Landis and Jacquet, 2013; Stock, 2015) . Osteocytes subsequently become embedded within the newly formed bone and regulate its rate of deposition and resorption (Bellido, 2014) . Long bones develop through endochondral ossification, a multistep process requiring (i) an initial phase of chondrogenesis and the formation of a cartilage template whose growth progressively sculpts the final size and shape of each skeletal element and (ii) the removal of the cartilage and its subsequent replacement by bone tissue (Mackie et al., 2008) . One classical assay to study calvaria regeneration in mammals consists in drilling a circular lesion through the skull bone and observing how intramembranous ossification progressively closes the lesion (Benson et al., 2012; Yamaguchi et al., 2014) . Above a critical size, calvaria defects are unable to regenerate, and calvaria bone grafting procedures are often subjected to failure (Almubarak et al., 2016; Hall, 2005) . There is therefore considerable interest in improving intramembranous bone regeneration in mammals, as reflected by recent studies reporting novel protocols and experimental approaches for therapeutic calvaria damage repair (Almubarak et al., 2016; Samsonraj et al., 2017; Sugamori et al., 2016) .
Non-mammalian vertebrates are largely superior to mammals with respect to their regenerative capabilities (Godwin, 2014; Lee-Liu et al., 2013 ). An active field of research in regenerative medicine is dedicated to understanding how teleosts, lungfish, and amphibians can regenerate a variety of organs and body structures (Godwin, 2014; Haas and Whited, 2017; Lee-Liu et al., 2013; Nogueira et al., 2016; Song et al., 2010) . Regarding skeletal regeneration, most studies focus on appendages such as fins and limbs (Haas and Whited, 2017; Nogueira et al., 2016; Rao et al., 2014) , as well as jaws (Charbonneau et al., 2016; Kurosaka et al., 2008; Paul et al., 2016) . More recently, a traumatic skull injury assay was implemented in adult zebrafish, pointing at a crucial role for osteoblastic dedifferentiation in the process of bone regeneration (Geurtzen et al., 2014) .
The Xenopus laevis and tropicalis pipidae frogs are renowned for their healing and regenerative capacity and have intensively been used to study how the skin, spinal cord, tail, limb or lens recover from tissue 
